It is now clear that the causes of preterm labor are multifactorial and vary according to gestational age. They include systemic and intrauterine infection, uteroplacental ischemia, uterine overdistension, different endocrinopathies, and abnormal fetal or maternal immune responses, z Nevertheless, there is strong evidence that despite different etiologies, preterm labor and term labor share many common pathways in the activation of cellular and molecular effectors. This includes stimulation of the fetal hypothalamic-pituitary-adrenal (HPA) axis (e.g., by maturation, infection or fetal hypoxemia) in addition to endocrine, paracrine and immune system interactions.
experimental model for chorioamnionitis and preterm labor using chronically catheterized pregnant rhesus monkeys (in which both placentation and the endocrinology of pregnancy are similar to humans). This model provides a useful means to study in vivo endocrine, paracrine and immune system interactions in the relatively inaccessible intrauterine space. This review will emphasize our findings with respect to the role of activation of the fetal HPA axis in response to stress associated with intrauterine infection and in comparison to that associated with spontaneous labor at term and idiopathic preterm labor. We will explore the interesting differences in activation of the fetal HPA axis and of the subsequent fetal-placental steroid biosynthesis in spontaneous parturition and in the setting of infection-induced preterm labor. These observations about different endocrine and immune responses may ultimately have important diagnostic and therapeutic implications in the management of preterm labor. (TNF), is also seen several days prior to the onset of labor. 6 Suppression of prostaglandin biosynthesis by long-term administration of indomethacin during rhesus pregnancy dramatically prolongs gestation and prevents the timely onset of parturition. 7 The stimulus for the rise in fetal and maternal estrogens before parturition has not been clearly defined but is likely to be fetal adrenocorticotropic hormone (ACTH), because hypoxemic stress or infusions of ACTH to the fetus increase production of androgens, such as DS and androstenedione. 8 Circadian rhythms in circulating maternal and fetal steroid hormones have also been described in pregnant nonhuman primates and women. 4, 3 In the mother, cortisol, estrone and estradiol are higher in the morning than in the evening. Because the primate placenta is readily permeable to glucocorticoids, the fetal pituitary is subject to feedback regulation by maternal cortisol. As a result, there is a 180 phase difference between rhythms in fetal adrenal androgens and the maternal cortisol rhythm. 4 Estrogens enhance the oxidation of cortisol to cortisone in the placenta thereby decreasing the proportion of maternally-derived cortisol in the fetus. 14 This mechanism enhances ACTH secretion by the fetal pituitary and promotes the growth and maturation of the fetal adrenal cortex and de novo cortisol production as gestation advances. s There is clear evidence that estrogens interact with the maternal circadian system to influence the timing of birth within the light-dark cycle. Studies in our laboratory 6 and by others 7 Mesiano and Jaffe for a review). 22 The syncytiotrophoblast appears to be the major source of CRH as well as its binding protein during pregnancy. Corticotropin-releasing hormone has been noted to increase, and its binding protein to decrease, 6 weeks prior to term or preterm parturition. 23 Glucocorticoids, cytokines (especially ILl) and prostaglandin E 2 (PGE2) have stimulatory effects on placental CRH.
REGULATION OF MYOMETRIAL QUIESCENCE
Recently, Karalis and 39 Thus, in the setting of infection the interaction between proinflammatory cytokines and prostaglandins occurring at the level of the chorioamnion and decidua is fundamentally important for preterm delivery (Figure 2 ).
ENDOCRINE-IMMUNE INTERACTIONS
There is increasing evidence for important physiologic and molecular interactions between the immune system and the endocrine system, especially at the hypothalamic-pituitary and adrenal levels as well as locally in tissues. 40 41 It is noteworthy that IL-1, IL-2, IL-6 and TNF can augment the release of ACTH by stimulating hypothalamic CRH. 41, 4 Interleukin-1 and IL-6 stimulate adrenocortical cells directly to release cortisol. 4, 44 The adrenal gland is a major site of IL-6 production (which can be stimulated by ACTH, angiotension II, or cytokines such as IL-1) and which acts in an autocrine or paracrine manner to stimulate production of dehydroepiandrosterone and cortisol. 44 Therefore, IL-6 appears to play a role in integrating the adrenal responses to diverse endocrine and immune stimuli. It has been postulated that the acute regulation of the HPA axis by IL-6 is mediated via the hypothalamus, whereas at the level of the adrenal gland, IL-6 exerts its action in a more sustained fashion. 44 In turn glucocorti- and dilatation of the maternal cervix, and maternal rectal temperature were also monitored.
Following intraamniotic inoculation with 106 Group B streptococci there was rapid exponential growth within amniotic fluid. Associated with this infection, there were sequential increases in amniotic fluid cytokincs, prostaglandins, and uterine activity (from pre-inoculation HCA levels of 0 to 100 mmHg scc/h to peak levels of 10,000 to 20,000 mmHg scc/h at a mean of 28 hours (range hours) after inoculation), as summarized in Table 2 . The marked increase in uterine contractility led to progressive cervical effacement and dilatation in infected animals. In all infected animals, increases in uterine activity was accompanied by cervical dilatation and/or effacement. All infected animals were delivered within 72 hours of infection. In contrast, animals followed as a control group progressed to spontaneous parturition 30 to 45 days following surgery and all delivered near term (167 days).
Amniotic fluid concentrations of TNF, and IL-6 also rose dramatically following experimental intraamniotic infection and prior to increases in uterine contractility as shown in Table 2 and as we have previously reported. infection-associated labor. 3, 32, 3, 34 In contrast to preterm labor induced by intraamniotic infection in our model, spontaneous parturition near term in control animals was not associated with increases in amniotic fluid concentrations of either IL-113 or TNF above low basal levels, and only modest increases in IL-6 were observed. 6 Following intraamniotic infection, increases in amniotic fluid PGE 2 and PGFea occurred in parallel with elevations in amniotic fluid cytokines and preceded increases in uterine contractility. The most striking increase was in PGE 2, which rises to concentrations in excess of 15,000 pg/ml at delivery (Table 2) . Similar, but smaller increases in PGF2 also occur. These results are consistent with human in-vitro studies which have demonstrated that fetal membrane, decidual, and placental production 61 It is possible that the aromatase complex which contains a specific cytochrome P-450 heme protein is more susceptible to these toxic effects than are non-P-450 enzymes such as 3-13-hydroxysteroid dehydrogenase and isomerase responsible for progesterone synthesis.
In summary, although there is evidence for activation of the fetal HPA axis in the setting of infection-induced preterm labor, many important questions remain. Are the adrenal effects the result of stress-induced CRH/ACTH stimulation or are they the result of direct action of proinflammatory cytokines on the fetal adrenal (or a combination of both)? Since CRH production by the placenta is modulated differentially by glucocorticoids and by progesterone, and since both hormones are elevated with intrauterine infection, the net effects on placental CRH production in the presence of infection remain to be determined. A further conundrum arises when one attempts to predict the effects of increased fetal cortisol on myometrial activity. While an augmented supply of glucocorticoids may down-regulate the inflammatory response, it may also serve to stimulate placental CRH production.
6z Among other actions, CRH would tend to increase uterine contractility by stimulating the release of prostaglandins and by sensitizing the myometrium to oxytocin.
instance, salivary estriol has been demonstrated to be elevated among patients with idiopathic preterm labor, z Based upon our observations, we would not expect salivary estriol to be elevated among patients with infection-induced preterm labor. It is possible, therefore, that salivary estriol, alone or in combination with other tests, could, be utilized as a non-invasive test to distinguish between those patients with and without intrauterine infection.
The recognition of the multifactorial etiologies and different pathophysiologic mechanisms of preterm labor also has therapeutic implications. Since estrogens serve to up-regulate maternal oxytocin secretion and myometrial oxytocin receptors, oxytocin antagonists may be more useful in treating preterm labor not associated with infection. It is likely that comprehensive therapy for infectioninduced preterm labor will include administration of a general tocolytic agent, the use of cyclooxygenase inhibitors to reduce eicosanoid effects, immunomodulators to counteract cytokine-induced inflammatory effects, and broad-spectrum antibiotics to eradicate specific microorganisms. Undoubtedly, in the near future, other endocrine, paracrine, and immune interactions will be elucidated which will effect the management of preterm labor. Our nonhuman primate model is well suited to study these interactions and to facilitate the development of logical intervention strategies.
